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Objective: Thoracic endovascular aortic repair is a promising means of treating patients with complicated type B aortic
dissection by excluding the intimomedial tears. This study aims to characterize the location of tears and to propose a
classification of type B aortic dissections based on these findings.
Methods:Advanced protocols in computed tomography scans of patients with type B aortic dissection were used to identify
the size and location of intimomedial tears in relation to the origin of the left subclavian artery. Aortic imaging details in
72 un-operated patients were used as a reference standard. From 1999 to 2005, 44 patients underwent primary
endovascular treatment for complications of type B aortic dissection.
Results: Each patient had an average of 2.8  2.11 intimomedial tears. The median intimomedial tear surface area was
0.63 cm2. The presence of >3 or >5 intimomedial tears in the descending thoracic aorta did not correlate with aortic
branch malperfusion (P> .05). Thirteen of 26 (50%) patients with a tear>1.9 cm2 had aortic branch malperfusion (P
.032). Ten of 14 (71%) patients with a tear>4.86 cm2 (mean plus one standard deviation) had aortic branchmalperfusion
(P  .002). The location of tears ranged from -6 mm to 459.2 mm from the left subclavian artery orifice: 80.5% (n 
99) of these tears were above the reference origin of the celiac artery. Eight of 13 patients (62%) with a tear distal to 282
mm (the orifice of the celiac artery) had aortic branch malperfusion in (P  .04). A classification for the location of
intimomedial tears is proposed with potential clinical relevance to endovascular repair: type 1 has no identifiable tears;
type 2 has one or more tears with no tears distal to the orifice of the celiac artery; type 3 has tears involving the branch
vessels of the abdominal aorta; and type 4 has intimomedial tears distal to the aortic bifurcation.
Conclusions: Characterization and location of intimomedial tears using computed tomography (CT) imaging is feasible
and represents an important step in the management of type B aortic dissection. The location and surface area of tears is
associated with malperfusion. Based on the proposed classification and anatomic reference data, three out of every four
patients may have a favorable constellation of intimomedial tears (type 1 or 2) that would be amenable to endovascular
repair and reverse aortic remodeling. The clinical correlation will be established in upcoming studies. ( J Vasc Surg 2010;
52:562-8.)Despite significant advances in diagnosis and treat-
ment, type B aortic dissection remains a grave illness. From
patients who survived the index hospital stay, only 76.2% to
82.8% survive the first three years according to the Inter-
national Registry of Aortic Dissection.1 Thoracic endovas-
cular aortic repair (TEVAR) has been promising technology
in treatment of complicated and aneurysmal degeneration
of type B aortic dissection,2-4 and has been used success-
fully applied for both acute and chronic type B aortic
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562dissection.5 The goals of this therapy are to exclude the
primary entry site, obliterate the false lumen, relieve lower
body malperfusion, and prevent aortic rupture. Stent-grafting
provides coverage of intimomedial tears, defined as defects
in the dissection flap between the true and false lumens, and
re-routes blood flow to the true lumen in the descending
thoracic aorta. Therefore, knowledge of the anatomic loca-
tion of intimomedial tears is an important component to
success and an algorithmic approach during TEVAR. Be-
yond simple diagnosis, studies describing imaging charac-
teristics of aortic dissection in patient populations are sparse
in the literature. The aim of this study is to review the exact
location and number of intimomedial tears in reference to
the left subclavian artery in a population of patients under-
going TEVAR for acute and chronic type B aortic dissec-
tion. The secondary goal is to classify patterns of intimo-
medial tears that may have potential ramifications for
primary endovascular therapy.
METHODS
Forty-four patients underwent TEVAR for type B aor-
tic dissection from February, 25 1999 to October 5, 2005
at Harbor-UCLA Medical Center in Torrance, Calif. The
patients were evaluated by preoperative computed tomog-
raphy (CT) scan prior to endovascular intervention for
Stanford type B aortic dissection. Indications for interven-
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dissection in 20, rupture in 8 (4 chronic, 4 acute type B
aortic dissection), malperfusion of aortic branch-vessels in
14, and unrelenting pain in three patients. Informed con-
sent was obtained for all procedures, offered through a
single institution Investigational Device Exemption ap-
proved by the US Food and Drug Administration.
Definitions. Aortic dissection was classified as type B
according to the Stanford classification if the dissected aorta
did not involve the ascending aorta. The aortic dissection
was considered acute if the dissection presented within 2
weeks of the initial onset of symptoms. The term compli-
cated dissection was defined as clinically symptomatic
branch-vessel malperfusion (eg, intestinal ischemia, etc.),
rupture or impending rupture (defined as blood in the
chest (outside of aortic wall), or acute enlargement of false
lumen 5 mm), and persistent/unrelenting back pain or
uncontrollable hypertension despite maximal medical ther-
apy.
Imaging protocol. Patients with CT scans performed
at Harbor-UCLA were examined using a 64-slice scanner
using 3-mm collimation and 3:5 pitch. All patients except
six underwent CT scans with EKG-gating. Images were
reconstructed using 50% overlap. All patients received Om-
nipaque (General Electric, Fairfield, Conn). A measure-
ment o f 150 mL was injected at a rate of 3 mL/s using a
power injector, and the scan was initiated 30 seconds after
the start of the contrast injection. No trailing saline bolus
was used. Approximately 20% of patients had CT scans
performed at outside institutions, using similar protocols.
Reading of CT data. Interventional radiologists at
Harbor-UCLA Medical Center with expertise in aortic
imaging reviewed the CT examinations. The number, lo-
cation, and size of intimomedial tears connecting the true
and false lumens were recorded for each patient. The loca-
tion of each tear was measured using centerline reconstruc-
tions in millimeters from the left subclavian artery (with the
distal direction assigned values greater than zero). Three-
dimensional reconstructions of CT examinations guided
the measurements. The width of an intimomedial tear was
measured as the maximal gap in the dissection flap on
reconstructed images. The length of a tear was ascertained
using the number of consecutive aortic-centerline images
on which a tear was visible. For size comparison, the
elliptical area (Pi * radius of major diameter * radius of
minor diameter) was calculated for intimomedial tears
when available. Aortic branch malperfusion, the origin of
branch vessels from the false lumen, was also determined
when possible. Other characteristics of the dissections such
as extent of false lumen, partial thrombosis of false or true
lumen, and associated pleural effusion ormediastinal hema-
toma were documented.
Reference standard. To gain an appreciation of aver-
age aortic-centerline distances from the left subclavian ar-
tery to the visceral branches, 72 deidentified CT scans were
selected from an unoperated patient population with nor-
mal aorta or various pathologies. The patients were selected
randomly, without regard for patient gender, age, or un-derlying pathology. Centerline measurements were made
using commercially available software to accurately identify
the distances from left subclavian artery orifice to: celiac
artery orifice, superior mesenteric artery orifice, lower renal
artery orifice, inferior mesenteric artery orifice, and aortic
bifurcation. These measurements were recorded without
inclusion of any patient identifiers as defined by the Health
Insurance Portability and Accountability Act.
Data analysis. Descriptive statistics were calculated on
the compiled data using Microsoft Excel (Microsoft Corp,
Redmond, Wash). Univariate 2 analysis was performed to
determine the correlation between the number, location,
and area of intimomedial tears and the incidence of branch
vessel malperfusion or thrombosis using the PASW version
18.0 software (formerly SPSS, Inc, Chicago, Ill).
RESULTS
Forty-four patients were included in the study, 20
patients with a diagnosis of complicated acute type B aortic
dissection and 24 with aneurysmal degeneration of chronic
type B aortic dissection. Nine patients had a dissection
extending proximal to the left subclavian artery orifice, five
patients’ dissections began at the left subclavian artery
orifice, and the remaining 30 patients’ dissections began
distal to the left subclavian. Twenty-six (59%) patients were
male and 18 (41%) were female. The mean age of patients
was 63.95 years with a standard deviation of 14 years.
Patient characteristics and anatomic findings of the study
group are shown in Table I.
A total of 123 intimomedial tears were found in 44
patients. The mean number of intimomedial tears was 2.82
with a standard deviation of 2.11. The location of tears
ranged from -6mm to459.2 mm from the left subclavian
artery orifice. In three patients, no tears were identified on
CT scan due to an entirely thrombosed false lumen at the
time of imaging. Eleven patients had one intimomedial tear
identified on CT scan, 10 patients had 2 tears, 6 patients
had 3 tears, 4 patients had 4 tears, 6 patients had 5 tears, 2
patients had 6 tears, 1 patient had 7 tears, and the last
patient had 10 tears. Neither the presence of3 (P .277)
or 5 (P  .999) intimomedial tears significantly corre-
lated with aortic branch malperfusion. Fig 1 demonstrates
the location distribution of all intimomedial tears identi-
fied.
One-hundred eighteen of 123 intimomedial tears had
measurements enabling surface area estimation using the
ellipse formula, with areas ranging from 0.028 cm2 to
18.14 cm2. The median intimomedial tear size was 0.63
cm2, and the mean size was 1.9 cm2 (2.96 cm). Thirteen
of 26 (50%) patients with a tear1.9 cm2 had aortic branch
malperfusion (P  .032). Ten of 14 (71%) patients with a
tear 4.86 cm2 (mean plus one standard deviation) had
aortic branch malperfusion (P  .002).
The following measurements from the left subclavian
artery orifice were obtained from the 72 patients in the
reference standard group (mean distance): distance to ce-
liac artery (282 mm), distance to superior mesenteric artery
(302 mm), distance to lower renal artery (326 mm), dis-
n.
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to aortic bifurcation (427 mm). Confidence intervals for
the mean distance to each branch point were calculated.
Ninety-five percent confidence intervals displayed an over-
lap in one area, while 90% confidence intervals were sepa-
rate for each branch point. Standard deviation of the aortic
measurements in the reference standard group along with
the 90% and 95% confidence intervals are shown in Table
II. A correlation of number and location of intimomedial
tears in the study group in relationship to the branch-
vessels are calculated in Table III. The presence of an
Table I. Characteristics of patients with acute versus chro
Characteristic
Acute co
dissection
Age (median): range, 35-88 62.5 
Gender 13 male,
Dissection begins proximal to or at the left
subclavian artery orifice 10 (
Complete thrombosis of false lumen 2 (
Number of intimomedial tears (mean): range, 0-10 2.6 
Mediastinal hematoma 4 (
Hemothorax 3 (
Aortic branch-vessels fed completely by false lumen 5 (
Location of proximal intimomedial tear in mm
from the left subclavian artery (mean) 20.09 
Location of distal intimomedial tear in mm from
the left subclavian artery (mean) 263.3 
Length of dissection in mm (mean) 243.2 
aMean and median values are reported plus or minus one standard deviatio
bIncidence data are reported with the percentage, in parentheses, of patient
Fig 1. Histogram of locationintimomedial tear distal to 282 mm (the mean celiac arterydistance) was associated with aortic branch malperfusion in
eight of 13 patients (P  .04).
The secondary goal of this article was to offer an
anatomic classification that may prove consequential for
TEVAR. Based on this anatomic review of location of
intimomedial tears, we propose the following classification:
type 1 has no identifiable intimomedial tears on CT scan;
type 2 has one or more intimomedial tears in the descend-
ing thoracic aorta, and there is no tear at or distal to the
level of the celiac artery; type 3 has intimomedial tears
involving the abdominal aorta (with or without concomi-
pe B aortic dissectiona,b
ated
20)
Aneurysmal degeneration
of chronic dissection (n  24) All patients (n  44)
62  13 62  14
ale 13 male, 11 female 26 male, 18 female
4 (17%) 14 (32%)
1 (2%) 3 (7%)
2 3  2.34 2.82  2.11
4 (17%) 8 (18%)
4 (17%) 7 (16%)
11 (46%) 16 (36%)
85 26.51  29.03 23.41  36.05
13 302.5  143.98 283.5  116.3
21 275.9  143.6 260.1  117.5
e specified sample (column y) meeting the characteristic (row x).
identified intimomedial tears.nic ty
mplic
(n 
15
7 fem
50%)
5%)
1.8
20%)
15%)
25%)
43.
77.
83.tant tears in the descending thoracic aorta); and type 4 has
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without concomitant tears in the descending thoracic and
abdominal aorta). This novel classification is depicted in Fig
2. Based on findings in the study and reference standard
groups, 3 patients (6.8%) had type 1 aortic dissection, 28
patients (63.6%) had type 2, 11 patients (25%) had type 3,
and 2 patients (4.5%) had type 4 aortic dissection. The
clinical correlation of the proposed classification is the
subject on another study.
DISCUSSION
Endovascular therapies are promising for selected aor-
tic pathologies. In case of patients with acute complicated
type B aortic dissection, TEVAR has shown significant
promise and efficacy.1-4 Therefore, there has been a shift of
paradigm from open surgery toward TEVAR for these
patients presenting with visceral or limb malperfusion,
frank or impending rupture, or other complications, and
there are currently at least two industry-sponsored trials
evaluating the outcome of these patients in the United
States. In case of complicated or aneurysmal chronic type B
aortic dissection, there are a few studies documenting fa-
vorable outcomes;6-11 however, there is no consensus on
Table II. Mean distance in mm from the orifice of the
left subclavian artery to the orifice of selected aortic
branches in the reference group (n  72)
Mean distance 
std. dev.
95%
confidence
interval
90%
confidence
interval
Celiac artery 282  44.5 271-292 273-290
Superior mesenteric
artery 302  46.4 291-313 293-311
Lower (distal) renal
artery 326  50.5 314-338 316-336
Inferior mesenteric
artery 380  48.8 367-392 369-390
Aortic bifurcation 427  52.2 414-439 416-437
Table III. Correlation of intimomedial tears identified in
type B aortic dissection group with measurements in
reference group
“Intervals of the aorta” referenced to
the left subclavian arterya
Number of intimomedial
tearsb in type B aortic
dissection group
Proximal to celiac artery (271 mm) 99 (80.5%)
Celiac artery (271-292 mm) 5 (4.1%)
Superior mesenteric artery
(291-313 mm) 4 (3.3%)
Distal renal artery (314-338 mm) 5 (4.1%)
Inferior mesenteric artery
(367-392 mm) 5 (4.1%)
Aortic bifurcation (414-439 mm) 1 (0.8%)
aNinety-five percent confidence interval for mean distance in parentheses.
bPercentage of total intimomedial tears in parentheses.preferred surgical or endovascular approach. For patientswith uncomplicated type B aortic dissection, most author-
ities agree that medical therapy currently is the mainstay of
treatment: the results of the recently published Investiga-
tion of Stent Grafts in Aortic Dissection (INSTEAD) trial
also confirmed the nonsuperiority of TEVAR to medical
management.5 TEVAR for complicated type B aortic dis-
section is one of the most challenging endovascular proce-
dures given its imaging, procedural, and algorithmic pit-
falls. In these operations, exact knowledge of anatomic
location of primary intimomedial entry sites is critical to
procedural success and achieving the primary endpoints of
TEVAR. However, the literature is void with studies de-
scribing exact location and frequency of intimomedial tears.
This article is, to our best knowledge, the only one to
investigate this matter by describing the incidence and
exact distance of intimomedial tears from the left subclavian
artery.
Quint and colleagues have recently described the num-
ber of intimomedial tears in aortic dissection in patients
with acute and chronic type B (37 patients) and type A (15
patients) aortic dissection.12 They concluded that all pa-
tients with a patent false lumen had one or more tears. They
did not find any difference in the number of intimomedial
tears between patients with acute and chronic type B aortic
dissection. The authors classified the location of intimome-
dial tears by regions/segments of the aorta; however, these
segments were not all explicitly defined. The mean number
of tears was 2.48 per patient (total of 129 tears), with 44%
of intimomedial tears occurring in the descending thoracic
aorta. This is a significantly lower proportion than observed
in our findings, where 80% of intimomedial tears are lo-
cated above the celiac artery. This discrepancy arrives from
admixture of patients with type B and type A aortic dissec-
tion. Combining both type B and A aortic dissection con-
founds the data, as the location of the proximal intimome-
dial tear is known to be different in these two groups.13
Lansman and coworkers studied the location of the proxi-
mal intimomedial tear in 168 patients. In patients with
acute type A aortic dissections, only 6% had the proximal
tear in the descending thoracic aorta, compared to 88% of
those with acute type B aortic dissection.13
Gaxotte and coauthors reviewed 22 patients with type
B and 19 patients with type A aortic dissection, all having
symptoms of malperfusion.14 They do not describe the
location and the frequency of the intimomedial tears, but
concentrated on CT observation of aortic branches and
classified three types based on position of the intimomedial
flap in regard to the aortic branch vessel. They concluded
that the CT findings may have implications on the type of
the endovascular strategy. In comparison, the aim of the
current study was to concentrate on the exact location of
the intimomedial tears rather than the CTmorphology. We
believe the former is more important for preoperative plan-
ning and technical success during TEVAR. The exclusion
of these intimomedial tears is critical to rerouting the entire
blood flow through the true lumen.3,4 This phenomenon
has been evaluated by Dake and his coworkers.15,16 Phan-
tom studies of type B aortic dissection have shown that
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the true lumen, which has also been demonstrated as a
mechanism for aortic branch malperfusion.15 The same
group showed that exclusion of the entry site was the most
effective method of relieving true lumen collapse.16
The secondary aim of this study was to provide a
classification of anatomic data based on preoperative CT
scan that may provide therapeutic ramifications during
TEVAR. Both the DeBakey and Stanford classifications
refer to extension/propagation of the false lumen rather
than the location of the proximal tear. This proposed
classification may be applied to patients with type A or type
B aortic dissection requiring endovascular intervention for
malperfusion syndromes or impending rupture. Type 1 has
no intimomedial tears identified on CT scan and may have
variable false lumen propagation. This type may be due to
prior misclassification of an intramural hematoma or exis-
tence of tears that are missed due to size and motion
artifacts. Type 2 entails tears in the descending thoracic
aorta, and it is the most prevalent pathology. Based on this
study, 70.4% (n  31) of patients fall within the categories
(type 1 or 2) that are suitable for endovascular therapy,
because all intimomedial tears can be covered. This study
confirmed that larger tears are associated with malperfu-
sion, emphasizing the importance of obliteration of these
tears. With complete obliteration and depressurization of
the false lumen, reverse remodeling may be induced (as
depicted in Fig 3). Aortic remodeling is easier achieved in
the acute phase of aortic dissection, when the dissection flap
has not yet undergone fibrosis and thickening. Type 3 is the
second most common pathology based on our study and is
frequently associated with incomplete reverse aortic re-
modeling in our experience, because all communication
channels between true and false lumen cannot be covered.
Furthermore, according to our findings, type 3 dissections
are associated with an increased rate of malperfusion. Dur-
Fig 2. Proposed classification of type B aortic dissectio
displayed sequentially from left to right.ing the interventions on type 3 patients, the authors locatethe larger proximal intimomedial tears on preoperative
imaging and cover that portion of the descending thoracic
aorta. In intraoperative intravascular ultrasound interroga-
tion, the authors look for stagnation of blood in the false
lumen. In these patients, one may achieve the thrombosis
and partial regression of the false lumen in the thoracic
aorta, but the false lumen usually remains perfused from
smaller intimomedial tears close to abdominal branch ves-
sels. Lastly, patients presenting with type 4 aortic dissection
will have tears distal to the aortic bifurcation. The authors
suspect these patients will have a more difficult true-lumen
access compared to other types. If presented with a patient
possessing type 4 pathology, the authors plan on advanced
guidewire techniques to gain access to the true lumen
throughout the aorta (such as radial or brachial access with
body floss maneuvering). It is important to stress that we
need to analyze the clinical outcome of each type within the
proposed classification and that this was not the aim of this
purely anatomic study. However, we are reviewing the
clinical correlation of the proposed classification, and this
will be the subject of next peer-reviewed study.
The intimomedial tear has been known in prior studies
by different terms such as entry site, intimal tear, fenestra-
tion, etc. However, the dissection flap contains both intima
and media layers, and any disruptions within that flap are
most correctly described as intimomedial tears. The term
fenestration should be used for iatrogenic tears within the
dissection flap by open or endovascular means. The authors
encourage adherence to universal terms, definitions, and
classifications when discussing results of complicated type B
aortic dissection. Even the definition of acute type B dis-
section has been misused and applied to patients who were
treated beyond 14 days.2,17 Using similar standards in
reporting these challenging clinical scenarios will allow
clinicians to compare apples to apples in the literature,
refine indications and therapeutics, and ultimately improve
levant to endovascular repair. Types 1, 2, 3, and 4 arens repatient outcomes.18
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limitations. While it represents a large published series of
patients with complicated type B aortic dissection, the
sample size is still small, an inherent issue with any single-
center study on aortic pathologies. One may criticize this
paper for including both patients with acute and chronic
type B dissections. However, Quint and coauthors12 re-
ported that there is no significant difference in number,
size, or location of intimomedial tears between acute and
chronic dissections. Another limitation is the inability to
correlate with absolute certainty the relationship of tears
with other aortic landmarks. Data from the reference stan-
dard group may not be representative of the study group.
The distance measurements on the reference standard
group were performed because the authors were unable to
find any suitable autopsy or imaging studies in the literature
containing these measurements. Further limitations in-
clude the sensitivity and accuracy of detecting intimomedial
tears using CT imaging. Smaller intimomedial tears are
identified more easily on intravascular ultrasound interro-
gation but can be missed by currently available CT resolu-
tion. As technology of aortic CT imaging continues to
evolve, the location of intimomedial tears may become a
central issue in the characterization of aortic dissections.
Lastly, correlation of these findings with midterm out-
comes is not reported here, as it is currently under investi-
gation as the topic of upcoming studies.
In brief, this study reviewed the prevalence and exact
location of intimomedial tears in 44 patients with type B
Fig 3. Axial CT images of a patient with type 2 aortic di
stent grafting: Compared with preoperative images, the f
superior mesenteric artery and the renal arteries.aortic dissections. We found that the location and largersurface are associated with an increased rate of malperfu-
sion. We present a classification scheme based on location
of intimomedial tears to be validated in further research. In
this study, 31 patients (70%) were classified as type 1 or 2 by
having intimomedial tears within the descending thoracic
aorta only. The authors suspect this group should have
favorable results after successful stent graft exclusion of the
intimomedial tears in regard to reverse aortic remodeling. A
follow-up study is currently being executed to correlate the
clinical outcomes andmidterm results of patients with types
1-4 aortic dissection.
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